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Inspection method for mask pattern on wafer or photomask - by 
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An optical system (20) provides an image of the pattern (60) on the 
reticle (12). The image is projected either onto a unit area (261) of i 
a semiconductor wafer (26) or on to an image sensor (28). The 
wafer and sensor are mounted each in a respective window (22,24) 
in the wafer-mounting stage (30). The transfer of the projection 
from the sensor to the wafer is effected by translating the stage. 

The video signal output by the sensor is stored in a memory. 
Data used for designing the reticle pattern are read out from 
magnetic tape storage and stored in a second memory. The 
stored signals are then read out to a comparator which detects 
any discrepancy between them. If there is no discrepancy the i - 
exposure of a wafer area is effected and the process is repeated j 

J The same system can be applied where a photomask is used. 

ADVANTAGE - Decreases failures caused by defects of reticle 
pattern so that IC yields are increased and costs reduced. (24dd 
Dwg.No.5/7) yv 
N85-075624 
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Inspection method for maok pattern uoed In oemlconductor device fabrication. 


@ An inspection method of a mask pattern such as a reticle 
pattern (60) used in a fabrication of a semiconductor device, 
applying an optical system (20) is disclosed. The mask pattern 
is inspected by an imaging sensor (28) mounted on a stage (30) 
on which a fabricating object (26) is also mounted. The imaging 
sensor (28) converts an optical image of the mask pattern (60) 
being intended to be exposed on the object to a video signal 
(V a ) and it is inspected comparing with another video signal 
(Vq) provided from the data for designing the mask pattern 
(§^| (60). This inspection is made before the process of exposing 
,<? the mask pattern on the fabricating object (26) to avoid the 
waste of time in the semiconductor patterning process. 
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TITLE OF THE INVENTION 

INSPECTION METHOD FOR MASK PATTERN USED IN SEMICONDUCTOR 
DEVICE FABRICATION 

BACKGROUND OF THE INVENTION 
5 The present invention relates to an inspection method 

for a mask pattern on a photomask or a wafer used in the 
fabrication of a semiconductor device such as an integrated 
circuit (IC) or a large scale integrated circuit,, 

For the sake of convenience, the short word "IC" will 
10 be used as a "semiconductor integrated circuit device " in 
this disclosure hereinafter. 

In the IC patterning process, there are two ways to 

* 

print a mother pattern called a "reticle pattern" on the 
wafer o One is a way of applying a photomask, and the other 

15 is a way to print the reticle pattern directly on the 
wafer. Fig. 1 and 2 show these patterning processes in the IC 
fabrication; Fig.l is for the former and Fig. 2 is for the latter. 
In the way of Fig.l, the IC patterns of the photomask are made 
at first from the reticle pattern by a step and repeat printing 

20 method, and next the IC patterns of the photomask are directly 
printed on the wafer. On the other hand, in the way of Fig. 2, 
the reticle pattern is directly printed on the wafer by a step 
and repeat method without applying any the photomask. 

In Fig. 1 and 2, reference numeral 100 is a reticle, 
25 200 is a photomask, and 300 is a wafer. The reticle 100 is 
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made of a piece of silicate glass for example, on which a 
mother pattern is printed photographically from an original 
pattern. Reference numeral 101 is the mother pattern being 
called a "reticle pattern" here. As the reticle pattern 
5 101 .is the mother pattern, the pattern must be made with 
high accuracy, therefore the size of the pattern is made so 
large as 5 to 10 times of actual IC size. So, the reticle 
pattern is printed on the photomask or the wafer by an 
optical system having a reduction factor of the value 
10 between 1/10 and 1/5. 

In Fig. 1, the reticle pattern 101 of the reticle 100 
is exposed on a photographic plate fabricated on the 
surface of the photomask 200 by an optical system 105 
having a reduction factor of the same value between 1/10 
and 1/5. The exposure is made by a step and repeat proce- 
dure moving the photomask 200 in X and Y directions. 
Reference numeral 201 shows an individual IC pattern on the 
photomask 200, and its size is equal to that of an ic 
pattern on the wafer. Therefore, after fabricating the 
photomask, the photomask pattern having a plurality of the 
IC patterns is exposed on the surface of the wafer 300 in 
equal size; that is, the size of an IC pattern 301 on the ' 
wafer 300 is equal to that of the IC pattern 201 on the 
photomask 200. An arrow 205 shows this direct printing 
without reduction or magnification. 

In Fig. 2, the reticle pattern of the reticle 100 is 
exposed on the surface of the wafer 300 by an optical 
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system 305 having a reduction factor between 1/10 and 1/5 by 
the same reason mentioned above in connecting with Fig.l. The 
exposure for the printing is also made by the step and repeat 
procedure similarly to the case of Fig.l moving the wafer 300 in 
5 the X and Y directions. Reference numeral 301 shows an indivi- 
dual IC pattern on the wafer 300. 

The phrase "printed pattern" will be used hereinafter to 
designate the printed 1C patterns on the photomask 200 or the 
wafer 300 in Fig.l, and on the wafer 300 in Fig. 2, whereas, the 

10 phrase "mask pattern" will be used to designate for the 1C 
patterns on the photomask 200 in Fig.l, and the reticle pattern 
101 on the reticle 100 in Fig. 2. Similarly, as the reticle pattern 
itself is made by printing an original pattern as mentioned 
before, the original pattern becomes a mask pattern and the 

15 reticle pattern 101 on the reticle 100 becomes a printed pattern 
in this case. 

The exposing process for the printing is very important in 
the IC patterning process, and any defect cannot be allowed to 
exist. However, actually it becomes necessary to pay great 
20 attention to the fact that recently the probability for incorrect 
printing to occur has increased because the IC pattern has 
become very small and complicated to increase the IC packing 
density. 

Fig. 3 shows examples of defects in the printed 
25 patterns with reference to the manufacture of a reticle 
pattern. Fig. 3 (a) shows an original pattern of the 
reticle pattern, Fig. 3 (b) shows an example of defect 
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of the printed pattern (reticle pattern) on the reticle, 
and Fig. 3 (c) shows another example of , the defect of the 
printed reticle pattern. In Fig. 3 (b) , the printed 
pattern 1001 has an incorrect part 1011 which is mainly 
produced in a wrong developing process. In Fig. 3 (c) , the 
printed pattern 1002 has a defective part 1012 which is 
mainly produced in a wrong exposing process. 

The defects of these kinds will occur also in the 
patterning process of the wafer, and in each case, the 
defect occurs in the exposing or printing process presup- 
posing that the mask pattern is correct. Therefore, it can 
be said that the defect can be avoided so long as sufficient 
attention is paid to the semiconductor patterning process. 
However, though sufficient attention is paid, if the mask pattern 
itself has a defect or the dust exists near by the mask pattern, 
it is not possible to avoid that an abnormality appears on' the 
printed pattern. 

Fig. 4 illustrates this example showing the same patter- 
ning process as in Fig. 2; that is, the wafer is printed 
directly from the reticle pattern of the reticle. in the 
figure, reference numeral 12 is a reticle, 16 is a wafer, 
and 20 is an optical system having a reduction factor of 
the value between 1/10 and 1/5. On the reticle 12, refer- 
ence numeral 60 is a reticle pattern, and 14 is dust, if 
such dust 14 exists on the reticle 12, a dust pattern 141 
is printed on the wafer 16 beside a correct printed pattern 
18 of the mask pattern 60. Fig. 4 (b) shows an expanded 
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perspective illustration of the printed pattern on the 
wafer 16- Though it is not shown in the figures, such dust 
pattern 141 is printed on all of the patterns on the wafer 16. 

If dust exists with the mask pattern or if a mask 

5 pattern itself has a defect, the whole patterning process 

ends in a failure. If such trouble occurs,, the IC product 

suffers damage though every later process is correct. This 

gives great influence on the IC cost, because the IC 

patterning process also becomes too much complicated as the 

10 packing density increases. So, the cause of the defect 

must be found out and removed as quickly as possible in the 

early stage of the patterning process. 

Usually, the reticle pattern itself can be carefully 
inspected by various methods. Therefore, the probability that 

failure be caused by the defect of the reticle pattern itself can 

be rather low. 

However, when the reticle pattern, which has been 
inspected and judged that it had no defect, is printed on 
the wafer, still following problems are intended to occur. 
20 Firstly, when the reticle is mounted on a projecting 

system as shown by the reticle 12 in Fig. 4(a) and dust 
happen to the stuck on the reticle, the image of the dust 
must be printed. Secondly, when the optical system has 
some defect, the reticle pattern cannot be correctly 
25 printed on the wafer. 

Thus, though the reticle pattern itself is perfect, 
the above problems produced after the reticle inspection 
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cause a defect to the actual optical image of the reticle pattern 
projected on the wafer, and the optical image has not been 
detected by the prior art reticle inspection. 

SUMMARY OF THE INVENTION 
5 Therefore, the object of the present invention is to improve 

the inspection method of the mask pattern so as to find out a 
defect of an actually exposed mask pattern caused by dust on 
the mask or defects of the optical system. Defects of this kind 
have not been able to be detected by the prior art inspection 
10 method such as a comparing method. Another object of the 
present invention is to save time and reduce cost in the IC 
production. 

The present invention is performed by applying an image 
sensor on the stage on which an element such as a wafer or 

15 photomask is mounted. An optical image of the mask pattern 

projected on the image sensor which produces a video signal 
called a sensor video signal. This optical image of the mask 
pattern is almost identical to the actually exposed pattern on 
the wafer. The sensor video signal is compared with a data 

20 video signal which is a standard video signal taken from a 
designating database to fabricate the mask pattern. The compari- 
son is done right before exposing the mask pattern on the 
fabrication object, so that the almost actually exposed pattern can 
be inspected. This contributes very nuch to reduce the cost of the IC 
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product because it takes lot of time in the later pattern- 
ing process for a complicated IC pattern. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective illustration showing a 
5 principle of a patterning process for semiconductor de- 
vices; 

Fig. 2 is a perspective illustration showing a 
principle of another patterning process? 

Fig. 3 shows an example of an original pattern and 
10 some kinds of defects on the printed pattern of the 
original pattern; 

Fig. 3 (a) shows an example of the original 
pattern for the reticle mask pattern; 

Fig. 3 (b) shows an example of a defect on the 
15 printed pattern of the original reticle pattern; 

Fig. 3 (c) shows another example of a defect on 
the printed pattern of the original reticle pattern; 

Fig. 4 shows a prior art fabrication system for 
semiconductor devices and the detail of the printed pattern 
20 in the system; 

Fig. 4 (a) is a perspective illustration showing 
a semiconductor fabricating system having a reticle, an 
optical system, and a wafer; 

Fig. 4 (b) shows a partially expanded view of. the 
25 printed pattern; 
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Fig. 5 is a perspective illustration showing an 
embodiment of the present invention for a semiconductor 
fabricating system which includes an inspecting system; 

Fig. 6 is a sectional view of a stage at A - A shown 
in Fig. 5; and 

Fig. 7 is a block diagram of an inspecting system 
embodying the present invention relating to Fig. 5 and 6. 

DESCRIPTIO N OF THE PREFERRED EMBODIMENTS 

A preferred embodiment for the present invention will 
be disclosed with regard to Figs. 5 , 6, and 7. The 
inspecting object of the present invention is a mask 
pattern, so it can be applied to any case as shown in Fig. 
1 or 2. m this embodiment, the case of Fig. 2 will be 
15 disclosed; that is, the reticle pattern is printed directly 
on the wafer. Fig. 5 illustrates a semiconductor pattern- 
ing system having a reticle, an optical system, and a 
stage . 

In Fig. 5, reference numeral 12 is a reticle, 60 is a 
20 reticle pattern on the reticle 12, 30 is a stage for 
mounting a wafer, 26 is a wafer, 22 is a first window 
opened at the surface of the stage30 and the wafer 26 is 
mounted in the window , 22, 24 is a second window opened 
beside the first window 22 and in which an image sensor 
25 28 is mounted, and 20 is an optical system by which an 
optical image of the reticle pattern 60 is exposed and 
printed on the wafer 26 and also projected on the image sensor 28 
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switched by the operator- The optical system 20 mainly 
serves to expose and print the reticle pattern 60 on the 
wafer 26 so that each printed 1C pattern is placed in a 
respective block of a checked pattern 261 by moving the 
5 stage 30 sequentially. Usually the optical system 20 has 
a reduction factor between 1/10 and l/5« In this system, 
additional function is provided to inspect the optical 
image of the reticle pattern 60 before exposing it on the 
wafer 26, The inspection is done by projecting the 

10 optical image toward the image sensor 28 shifting the 
stage 30. This application of the image sensor 28 is a 
point of the present invention. The reticle 12, the 
optical system 20 and the stage 30 are installed in the 
airtight case (not shown) so that the mask pattern and 

15 wafer can be kept dust free. 

In Fig. 6, the same reference numerals designate the same 
objects as in Fig. 5, and 34 is a case of the stage, 341 is a 
bottom plate which supports the wafer 26 to the case 34 pushing 
up the wafer 26 from the bottom, and 32 is a sliding shutter to 

20 protect the wafer 26 from the exposure of the light during the 
inspection by the image sensor. 

Fig. 7 shows a block diagram for a control system for the 
inspection system by the present invention. In the figure, the 
reference numerals which are the same as in Fig. 5 or 6 

2 5 designate respectively the same object, and 29 is a stage driver 
which drives the stage 30 in X or Y direction (see 
Fig. 5), 36 is a scanning unit to switch sequentially the 
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multi-elements of the imaging sensor 28 to convert the 
optical image corresponding to the multi-elements into 
electric signals, 38 is a stage controller which controls 
the scanning of the stage 30 and the scanning unit 36, V 

a 

5 shows a sensor video signal which is the output signal of 

the image sensor 28, 44 is a first write-in unit which 

writes the sensor video signal V into a first image 

a 

memory 40, 50 is a magnetic tape (MT) in which the 
designing data to fabricate the IC pattern are stored, 48 

10 is a video signal generator, V b shows a data video signal, 
46 is a second write-in unit, 42 is a second image memory, 
51 is a read-out unit which controls the first memory 40 
and the second memory 42 to read out the memorized signal 
and send it to a comparator 52, and 52 is the comparator 

15 in which the signal from the actual reticle pattern is 
compared with the signal from the standard data stored in 
the magnetic tape. 

The operation of the embodiment is as follows. At 
first, the preparation of the exposure is done by mounting 

20 the wafer 26 on the stage 30 as shown in Fig. 6 and 
installing the reticle 12 as shown in Fig„ 5. When the 
preparation has been made, in the operation of the prior 
art inspection, an exposing procedure is. advanced; namely, 
the wafer 26 is brought by moving the stage so that the 

25 mask pattern 60 is exposed on a respective position of the 
wafer 26 by the step and repeat process, then each IC 
pattern is printed in each square (reference numeral 261 in 
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Fig. 5) that corresponds to each chip of the IC as shown in 
Fig„ 5o However, in the present invention, mask pattern 60 
is first projected on the second window 24 before beginning 
the exposing process on the wafer 26. The optical image of 
5 the reticle pattern 60 projected on the second window 24 is 
scanned by the image sensor 28 converting to a train of 
video signal which is called herein a sensor video signal 
V & . The sensor video signal V a is memorized sequentially 
in the first image memory 40 through the first writing unit 

1° 44, and therefore, the. memorized video signal includes a 
signal of a defect or dust if they exist on the mask 
pattern 60 or on the reticle 12. 

At the same time, designing data of the reticle 
pattern 60 stored in the MT 50 are read out and con- 

!5 verted into the data video signal V fa , and memorized in the 

second image memory 42. The data video signal V fo stored in 

the second image memory 42 is used as a standard signal to 

inspect the sensor video signal V stored in the first 

a 

image memory 40. ' Both video signals V and V K are read out 

a o 

20 from the image memory 40 and 42 respectively and sent to 

the comparator 52 by the control of the read-out unit 51, 

and the inspection can be made by comparator 52 comparing 

the sensor video signal V with the data video signal v.. 

a b 

As the mask pattern 60 was made by an original pattern 
25 which was made by the design data, the sensor video signals 
V a must be equal to the data video signals V fc . If the 
sensor video signal V had a defect which might be caused 
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by failure in the patterning process for the mask pattern 
60, or dust existing on the reticle 12, the comparator 52 detects 
the abnormality. 

There are several possible kinds of image sensor 28. For 
5 example, a two-dimensional image sensor is applicable as 
the image sensor. The two-dimensional image sensor con- 
sists of two-dimensional multi-elements of the sensor. In 
this case, the size of the sensor is equal to the size of a 
single block of the check pattern 261 in Fig. 5; it is also 
10 equal to the size of the one IC chip pattern to be printed 
on the wafer 26. Therefore, when the optical image of the 
reticle pattern 60 is projected on the image sensor, and 
the sensor video signal V fl can be provided simultaneously 
'without scanning the stage 30. Instead of this, a 
15 one-dimensional image sensor (a line sensor) also can be 
applied. This sensor consists of the multi-elements 
arranged in a line corresponding the either side of the 
rectangular reticle pattern 60., The sensor video signal V a 
along the line is simultaneously provided. For example, if 
20 the direction of the sensors are aligned in X direction, 
the two-dimensional video signal can be obtained by 
mechanically scanning the stage 30 in Y direction. Fig. 7 
shows the case which uses a one-dimensional image sensor. In 
this case, the sensor video signal V fl must be synchronized with 
25 the scanning (switching) of the scanning unit 36 and the 
scanning of the stage 30, and this synchronization can be 
made by the scanning unit 36 and the stage driver 29 
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controlled by the control signals from the stage controller 
38. 

Further, instead of the optical system 20 in Fig. 5, 
another type of optical system can be used to project the 
5 reticle pattern 60 on the image sensor 28 , apart from the 
optical system for printing the wafer. And the optical 
image of the reticle pattern on the image sensor might be 
enlarged with respect to the exposed image on the wafer. This 
system is effective to satisfy the resolution of the image sensor 
10 when the mask pattern is too much complicated and required 
many picture elements. 

The video signal generator 48 is required to convert 

the form of the design data in the MT 50 into the form of 

the data video signal V fa to compare easily the sensor video 

15 signal V a with the designing data. Because, the data 
a 

stored in the MT 50 generally has a vector form, therefore , 
the data is required to convert to the form of the sensor 
video signal V • 

The first image memory 40 and the second image memory 

20 42 each have memory cells. The amount of the memory cells 
is defined by the amount of the picture elements of the 
mask pattern which is also defined by the required resolu- 
tion with respect to the IC pattern. Considering the 
above, if the mask pattern can be divided to N lines and M 

25 picture elements per each line, the memory cells also can 
be arranged N lines and M cells per each line, so that the 
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total data capacity of each image memory becomes N x M 
bits. 

The resolution of the optical system 20 is also 
defined by the resolution of the IC pattern. Therefore, it 
5 is not necessary to pay attention to dust when the dust is 
so tiny that it can not be resolved by the optical system 
20. 

In the above disclosure the description has been done 
with respect to the case of printing the reticle pattern 
10 directly on the wafer, but it will be clear that the 
process described above can be applied to the case using a 
photomask. 

In any case the pattern checking method of the present 
invention is performed right before actually exposing the 

25 printing pattern on the wafer. Therefore it is very 
effective to decrease the failure due to the defect of the 
reticle pattern. It is very effective to increase the 
yield and decrease the manufacturing cost of ICs. And the 
disclosure has been done for the IC fabrication, but it 

20 will be clear that the process can be applied to any of semiconductor 
device manufacturing. 

The above embodiment has disclosed the inspection 
which was performed right before actually exposing the 
printing pattern from the reticle on the wafer, however 

25 similar effect can be obtained by applying the present 
invention to an optical image of the mask pattern right 
before exposing the mask pattern from the reticle on the 
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photomask and right before exposing the mask pattern from 
the photomask on the wafer. 
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CLAIMS 
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1. An inspection method for a mask pattern used in a 
semiconductor fabrication applying an optical system (20) 
by which said mask pattern (60) is exposed on a fabrica- 
ting object to print said mask pattern, characterized in 
that it comprises the steps of: 

projecting an optical image of said mask pattern 
(60) on an image sensor (28) provided on a stage (30) 
on which said fabricating object (26) is mounted, said 
image sensor (28) converting said optical image to a 
sensor video signal (V ); and 

a 

judging whether said mask pattern is normal compa- 
ring said sensor video signal (V ) with a data video 
signal (V G ) taken from designating data having been 
used in fabricating said mask pattern (60). 
15 2 - The inspection method according to claim 1, charac- 

terized in that said steps are processed before exposing 
said mask pattern (60) on said fabricating object (26) 
and said exposing is processed after said mask pattern 
has been judged to be normal. 

3. The inspection method according to claim 1, charac- 
terized in that said mask pattern comprises a mask 
pattern (60) on a reticle (12). 

4. The inspection method according to claim 1, charac- 
terized in that said mask pattern comprises a single 

25 pattern (60). 

5. The inspection method according to claim 4, charac- 
terized in that said single mask pattern (60) comprises 
the mask pattern on a reticle (12). 
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6. The inspection method according to claim 1, charac- 
terized in that said mask pattern comprises a plurality 
of patterns each having a same shape and size* 

7. The inspection method according to claim 6, charac- 
terized in that said plurality of said mask patterns 
comprise the reticle patterns on a reticle. 

8. The inspection method according to claim 1, charac- 
terized in that said fabricating object comprises a semi- 
conductor wafer (26) to be fabricated. 

9. The inspection method according to claim 1, charac- 
terized in that said fabricating object comprises a photo- 
mask (200) to be fabricated. 

10. The inspection method according to claim 1, charac- 
terized in that said optical system comprises a single 
optical system (20) by which said optical image of said 
mask pattern is projected on either said fabricating 
object (26) or said image sensor (28) by means of a 
reducing projection. 

11. The inspection method according to claim 1, charac- 
terized in that said optical system comprises different 
optical systems: one being for said fabricating object 
and the other being for said image sensor. 

12. The inspection method according to claim 11, charac- 
terized in that said optical system for said image sensor 
comprises a means for having smaller reduction factor 
than a reduction factor of said optical system for said 
fabricating object. 

13. The inspection method according to claim 1, charac- 
terized in that said image sensor (28) comprises a 
two-dimensional image sensor having a plurality of sensor 
elements arranged in a whole image plane which simul- 
taneously converts said optical image of said mask 
pattern to said sensor video signal (V ). 
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14. The inspection method according to claim 1, charac- 
terized in that said image sensor (28) comprises a 
one-dimensional image sensor having a plurality of sensor 
elements arranged on a line parallel to one side of said 
optical image of said mask pattern, which converts said 
optical image of said mask pattern to said sensor video 
signal (V a ) by mechanically scanning said stage (30) in 
a lateral direction to the line of sensor arrangement. 

15. The inspection method according to claim 1, charac- 
terized in that it further comprises a comparator (52) 

which compares said sensor video signal (V ) and said 

a 

data video signal (V Q ) reading out the data of a first 
image memory (40) in which the data of said sensor 
video signal (V a ) are written and the data of a second 
image memory (42) in which the data of said data video 
signal (V r ) are written. 
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